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S4 Figure 
iii. Adduct formation between THF and [1][BF 4 ].
In a glovebox, a J-Young Teflon-stoppered NMR tube was charged with 43.9 mg (0.0417 mmol) [1] [BF 4 ] and ~0.6 mL CD 2 Cl 2 . Initial 1 H and 11 B NMR spectra were recorded. The tube was returned to the glove box, and 3.4 μL (0.0417 mmol, 1 equiv) THF was added by syringe. After collecting 1 H and 11 B NMR spectra, the procedure was repeated, adding THF to give 3, 5, 9, 13, 17, 25, and 33 equivalents relative to [1] + . A Benesi-Hildebrand-type analysis 7, 8 was performed according to a previously described derivation. 9 The THF dependence on chemical shift of the 11 B resonance and several 1 H resonances were recorded, and a Benesi-Hildebrand plot of 1/[THF] vs. 1/Δδ was obtained (Fig. S2) , where Δδ is the change in chemical shift between each addition of THF. The very broad 11 B resonance gave a satisfactory fit, but the CH 2 resonances in the 1 H NMR fit Benesi-Hildebrand relation better. The slope = 1/[(Δδ)(K eq )], allowing K eq for formation of the adduct with one of the pendant borane arms to be calculated. K eq = 0.19(2) M -1 (average of three 1 H resonances). 6 ]. In a glovebox, a 100 mL round bottom flask was charged with 1.0 g (2.7 mmol) Pt(COD)(Cl) 2 , 0.8 g (5.3 mmol) 1,2-bis(dimethylphosphino)ethane, and 30 mL acetonitrile. The reaction mixture was stirred overnight. After ~12 hours, the acetonitrile was removed in vacuo, and the solids were dissolved in 40 mL of water under air. To the colorless solution was added 4.7 g (5.3 mmol) NaBAr F 4 as a solid, and the slurry was stirred for ~24 hours. The white solids were collected by filtration through a sintered glass frit, washed with 70 mL CH 2 6 ] was added as a solid, portionwise. The mixture, containing some precipitates, was transferred to an NMR tube, and NMR spectra showed partial conversion (~50%) to a formyl species, which disproportionated overnight to give [3] -and 2+ (M = Ni, Pt), and ~0.6 mL THF-d 8 . The tube was sealed, and NMR spectra ( 1 H, 31 P{ 1 H}) were obtained. The tube was degassed by two freeze-pump-thaw cycles, and between 1 and 4 atm H 2 was added by introducing an atmosphere of H 2 at either 298 or 77 K. The tube was affixed to a slowly spinning motor to ensure good mixing, and the reaction was monitored periodically by 1 H and 31 P NMR. Precise yields were measured by integration to a solution of P(Mes) 3 (Mes = 2,4,6-trimethylphenyl) in THF-d 8 in the J-Young tube in a coaxial capillary, with a range from 85-95% depending on conditions. 
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Figure S17. Time course of formation of [3] -under various catalysts and loading conditions, showing no major change in overall rates. Between 4 and 5.5 equiv phosphazene base were used in each case (non-pseudo first order). 6 ], and ~0.6 mL THF-d 8 . Over 48 hours no discernable reaction took place, with only the starting materials visible by NMR spectroscopy. 
Reaction of 2 with [Pt][BAr
General Procedure for Metal-Free H 2 Reductions.
In a glovebox, a J-Young NMR tube was charged with ~0.03 mmol [1] [X] (X = BF 4 or BAr F 4 ), ~0.06-0.60 mmol (2-20 equiv) P 1 , and ~0.6 mL THF-d 8 . The tube was sealed, and NMR spectra ( 1 H, 31 P{ 1 H}) were obtained. The tube was degassed by two freeze-pumpthaw cycles, and between 1 and 4 atm H 2 was added by introducing H 2 at either 298 or 77 K. The tube was affixed to a slowly spinning motor to ensure good mixing, and the reaction was monitored periodically by 1 
H 2 /D 2 Equilibration Experiments.
A J-Young Teflon-sealed NMR tube was charged with ~30 mg (0.1 mmol) P 1 and 0.6 mL THF-d 8 . After two freeze-pump-thaw cycles a 1:1 mixture of H 2 :D 2 , freshly mixed in a 500 mL bulb, was introduced while the tube was cooled to 77 K. The tube was sealed and the solution carefully thawed, and the reaction monitored by NMR. No HD peak was observed after 24 hours. In a typical experiment, a J-Young NMR tube was charged with 31.2 mg (0.10 mmol) P 1 , 20.6 mg (0.10 mmol) t BuCH 2 CH 2 B (C 8 H 14 ) , and ~0.6 mL THF-d 8 . The tube was sealed and moved from the glovebox to a vacuum line, where it was subjected to two freezepump-thaw cycles, at which point a 1:1 H 2 :D 2 mixture (freshly mixed in a 500 mL bulb) was introduced at 77 K. After carefully thawing the reaction mixture, the reaction was monitored by 1 H NMR. After 30 minutes a significant amount of HD (HD:H 2 was observed, which slowly increased. After two days, the ratio of HD:H 2 was 0.46:1.00. Another spectrum was taken 10 days later, showing complete equilibration (HD:H 2 , 1.98:1.00) occurred at some point between 2 and 12 days from the start of the reaction. , and a ~0.6 mL THF-d 8 solution of 75 mg (0.24 mmol, 10 equiv) P 1 . Before addition of H 2 , initial NMR spectra were acquired, which showed a small amount of Re-H species (~7%), attributed to adventitious water (which could lead to hydroxide attack at Re-CO and elimination of CO 2 to give Re-H). The tube was freeze-pump-thawed twice, and H 2 was introduced at 77K (2-4 atm). The tube was affixed to a slowly spinning motor to ensure good mixing, and the reaction monitored periodically by NMR spectroscopy. The amount of Re-H species remained essentially constant over more than 48 hours. (C 8 H 14 ) . As in the absence of Lewis acid, a small amount (~2%) of Re-H species was initially formed, as above. The tube was freeze-pump-thawed twice, and H 2 was introduced at 77K (2-4 atm). After careful thawing, the tube was slowly rotated on a motor to mix, and was monitored by NMR spectroscopy. After a few hours, ~8% formyl was present; after 24 hours ~70% conversion to a mixture of Re formyl and hydride species was observed (formyl:hydride, 1.0:0.67), and after 48 hours ~80% conversion to the mixture of (PPh 3 ) 2 Re(CO) 3 (CHO), (PPh 3 ) 2 Re(CO) 3 H, and (PPh 3 )Re(CO) 4 H was observed (formyl: hydride, 1.0:1.37). After 48 hours all Re starting material had been consumed, and the other 20% Re comprised a few minor uncharacterized products. 
Reaction of [(PPh
Special Refinement Details
Crystals were mounted on a glass fiber using Paratone oil then placed on the diffractometer under a nitrogen stream at 100K.
The tetrafluoroborate anion is disordered about a center of symmetry and is modeled with no restraints. The Re atom sits at a center of symmetry.
Refinement of F 2 against ALL reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 , conventional R-factors (R) are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ( F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
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